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CHAPTER I
INTRODUCTION
Background
Since the 1940’s the U.S. military has investigated a variety of expeditionary
construction materials that might be used to create access roads across loose beach sands,
swamps, and marshlands—terrain nearly impassible for common transport vehicles.
Early investigations considered common materials such as fencing, conveyor belts, and
cargo nets and evolved into more complex systems as new materials and fabrication
processes were discovered. As the number of available products has increased,
commercial matting systems marketed for turf protection for the event industry, tent
floors, temporary construction platforms in areas with sensitive subgrade disturbance
requirements, and temporary roadways have emerged with several companies competing
for market share.
Modern matting systems are typically constructed from lightweight materials such
as plastics, fiberglass, and aluminum; and many were designed to protect athletic field
turf during concerts and other large outdoor events. Unlike the requirements for military
use, these require a limited number of truck passes over relatively stable subgrades and
not hundreds of passes over very weak subgrades. New products appear in different
forms. Some of the systems are manufactured in continuous rolls for quick deployments,
some are individual panels pre-assembled in sections on pallets or in rolls, and some are
individual panel systems with unique locking mechanisms to hold the panels in place.
1

System cost and performance varies widely among material and construction types,
making acquisition decisions mission specific. Wood or timber mats are commonly used
in the U.S. as temporary construction platforms, including for the installation of
petroleum pipelines and logging; however, this study focuses on lightweight systems
made from the other aforementioned materials.
Roadway matting systems made from modern materials are relatively lightweight,
portable pavement systems with the ability to be transported by conventional means to
any location on the globe. For this reason the U.S. and other foreign militaries use
roadway matting systems extensively as a means of quickly building roads across
beaches, swamps, and marshlands to carry supplies and equipment to forward operating
bases. Although initial tactical forces are equipped with vehicles designed to traverse
nearly impassible terrain, more traditional transport vehicles have higher tire pressures
and wheel loads that require roadway materials with greater bearing capacities for vehicle
movements. To increase the amount of vehicular traffic able to cross difficult terrain,
roadway matting systems are commonly procured by military units and are used as
temporary roadway surfaces.
Objective and Scope
The purpose of this thesis is to provide research results related to modern roadway
matting systems over the past five years. Eleven roadway matting systems are presented,
based on a partial experimental program, to provide comparable data for construction and
performance characteristics when used for temporary road applications. To meet the
objective, eleven unique roadway matting systems were acquired through existing
stockpiles, material donations, and new purchases. Full-scale test sections were
2

constructed from 2006 – 2009 from sand and silt in a warm-weather environment in
Vicksburg, Mississippi, and from silty-sand in a cold-weather environment at Fort
McCoy, Wisconsin. Each of the eleven systems was constructed of relatively lightweight
modern materials and was evaluated under full-scale conditions for properties such as:
1. Transportability - unit weight and shipping volume
2. Rate of installation (including any staking requirements)
3. Rut resistance measured periodically by rod and level survey
4. Permanent panel damage during trafficking
5. Reusability – ability of system to be recovered, repackaged, and reused
6. Cost per square foot of constructed roadway.
Identical vehicle traffic conditions were introduced to each section for an exact
comparison of the number of allowable passes prior to system failure. For the studies
described in this thesis, failure was reached when a system exceeded 10 percent mat
breakage or when 3 in. of permanent deformation was measured in the test vehicle’s
wheel path. Earth pressure cells were installed in the sand subgrade test road to monitor
stresses as a function of increasing numbers of vehicle passes. The data compiled in this
thesis can be used to compare roadway matting system performance and to facilitate
informed decisions for future product acquisitions. This thesis provides information
about the individual matting systems, full-scale test section construction, testing
procedures, field data collection, data analysis, conclusions, and recommendations for
selecting matting systems for use as temporary roads.
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CHAPTER II
LITERATURE REVIEW
Overview of Literature Review
The goal of this literature review was to understand the origin of matting systems
used as temporary roads and their capability to carry heavy vehicle traffic across difficult
terrain. Understanding the functionality and engineering designs used in original systems
helps to characterize the behavior of modern matting systems made of composites and
polymer materials. The literature review helped to identify traditional methods for
evaluating mat system performance and proved that very little has been published on this
subject outside of the U.S. Military.
First Recorded Roadway Matting for the U.S. Army (1942 – 1943)
The concept of using matting systems as temporary road surfaces was first
introduced in a report to the Engineer Board Desert Test Branch, in Thermal, California,
on December 20, 1942 (Bohren & Shields, 1942). The first tests evaluated the ability of
U.S. Army wheeled transport vehicles to cross loose desert sand with slopes ranging from
flat to 50% using various matting systems. The systems evaluated were derived from
everyday use items and were not engineered for the application. Mat items evaluated
included (a) Wire and Wood Bats (wooden slats wired together installed in two narrow
widths), (b) Chicken Fencing Wire (two strips), (c) Cyclone Spiral Weave Fencing
(heavy and lightweight in full width), (d) Sommerfield Type Airfield Landing Mat (full
width), (e) Cyclone Flat Wire Conveyor Belting (two strips), (f) Single Layer Woven
4

Wire (full width), (g) Perma-Gard Welded Wire Fabrics (two strips), (h) Heavy Bar and
Rod (two strips), (i) Light Bar and Rod (two strips), (j) Pierced Steel Plank Airfield
Landing Mat (two strips), (k) Taylor Steel and Wire Company Panels (two strips), and (l)
Rope Blasting Mats (two strips). Each roadway matting system was evaluated under ¼ton, 1 ½-ton, 2 ½-ton, 4-ton, and 6-ton vehicles or until they failed due to breakage.
Criteria in which selection was based included (1) Transportability, (2) Efficiency, (3)
Traction, (4) Economy, (5) Ease of Construction, (6) Damage to Tires, (7) Camouflage,
and (8) Drainage. Based on this evaluation in the desert sands of Yuma, Arizona, the
best systems were Cyclone Conveyor Belting and Welded Wire Fabric for emergency use
and Cyclone Fencing and Light Bar and Rod for semi-permanent solutions.
The testing was continued in February of 1943 and was reported as a second
interim report to the Desert Test Branch in Thermal, California (Leidig & Ward, 1943).
In this report, matting systems were evaluated over mud flats with moisture contents from
30 to 50% to determine which systems were capable of supporting either single or
multiple vehicles over otherwise impassible areas. The materials tested for the mud test
sections included many of the items used in the 1942 sand evaluation along with a few
new ideas; however, systems were still derived from everyday use materials. Systems
evaluated included (a) Wire and Wood Bat, (b) Cyclone Conveyor Belt, (c) Wood Slats
and Canvas, (d) Perma-Gard Welded Wire Fabric, (e) Woven Wire Utility Mat,
(f) Sommerfeld Landing Mat, (g) Light Cyclone Fencing, (h) Heavy Cyclone Fencing,
(i) Pierced Steel Plank, (j) Light Bar and Rod, (k) Heavy Bar and Rod, (l) Light
Expanded Metal, (m) Heavy Expanded Metal, (n) Irving Grid, (o) Lanisteel 10 ft x 10 ft,
(p) Lanisteel 4 ft x 10 ft, (q) Lanisteel 3 ft x 12 ft, (r) 6 in. x 6 in. Timbers, (s) 4 in. x 4 in.
Timbers, and (t) 2 in. x 12 in. Planks. Each roadway matting system was evaluated under
5

¼-ton, 1 ½-ton, 2 ½-ton, 4-ton, and 6-ton vehicles until they failed due to breakage, the
vehicle became immobile, or the bottom of the truck began to drag on the subgrade.
Based on the mud evaluations in Yuma, the best systems for single vehicle access were
Cyclone Conveyor Belt and Perma-Gard Welded Wire Fabric. The best systems for
sustained operations were Heavy Expanded Metal, Irving Grid, 3 ft x 12 ft Lanisteel, and
Pierced Steel Plank.
Beach Matting Systems for the U.S. Army (1962)
In 1962 beach access matting systems became a concern for the U.S. military
(Tucker & Garrett, 1962). Exercises being conducted in Europe proved that Pierced Steel
Plank (PSP), remaining from World War II, was not satisfactory when used for beach
matting. Engineers were asked to observe one of the exercises and to make
recommendations on more reliable mat systems. The first evaluation included two beach
areas along the coast of France and was conducted by a team from the U.S. Army
Waterways Experiment Station (WES) (Now ERDC), Vicksburg, Mississippi. The
evaluation included three metal mat systems and three different membrane materials.
Metal mat systems included PSP (as a baseline for choosing a new system), M8
(a heavier pierced steel mat), and T11 (an extruded aluminum prototype system designed
by engineers at WES). Three membranes were evaluated as underlayment for the metal
matting systems and were not tested independently. Membrane systems included vinylcoated cotton duck, T12 neoprene-coated nylon, and T14 neoprene-coated nylon. Metal
mats were tested with and without the membrane underlayment to determine the benefit
of each membrane system. The results of field testing showed that the M8 system was
much improved over the PSP system and that the T11 system performed worse than PSP.
6

Results also indicated that the membrane underlayment increased the performance of
each system, with the T12 and T14 systems outperforming the vinyl-coated cotton duck.
Based on the results of the evaluations, engineers recommended using M8 landing mat as
an alternative to PSP until a new lightweight mat could be developed for beach access.
The M8 system proved to be a working solution; however, its unit weight of 7 lb/ft2 made
M8 cumbersome to transport and difficult to assemble by troops (U.S. Army Waterways
Experiment Station, 1951).
Improved Beach Matting for the U.S. Marine Corps (1963 – 1964)
After witnessing operations in France in 1962, engineers at the WES were
contacted by the U.S. Navy to assist in replacing their beach matting system (Tucker,
1963). While the U.S. Army was using PSP for sustained off-loadings on beaches in
Europe, the U.S. Marine Corps (USMC) was using woven-wire steel mesh, similar to one
of the designs discovered in the 1942 tests in Yuma, Arizona. The WES engineers chose
Onslow Beach, North Carolina, near Camp Lejeune as a site where the new systems
could be assessed. Systems evaluated were (1) 1 ⅛ in. square mesh woven-nylon netting
coated with asphalt emulsion, (2) 4 in. square mesh cargo netting, (3) vinyl-laminated
nylon-coated fabric, and (4) neoprene-coated nylon duck fabric. Test vehicles included
¼-ton, ¾-ton, and 5-ton trucks representative of standard USMC vehicles. Based on the
results of the traffic evaluations, both netting systems (items 1 and 2) performed
satisfactorily and were recommended for additional testing under controlled conditions at
WES. Although the fabric systems (items 3 and 4) were equally lightweight, they
required anchoring along the edges, which added to the time needed for installation.
Additionally, edge anchors acted as points for stress concentrations, resulting in several
7

tears around the anchor grommets. Because neither of the netting systems required edge
anchoring, the rate of beach road access was increased by nearly 10 times that of the two
fabric systems.
In 1964 a smooth-sloped sand test section was constructed at WES to simulate a
dune-crossing scenario to evaluate beach access mat systems (Tucker, 1965). The
simulated dune was on a 10 percent slope and was trafficked with three USMC vehicles
on a typical landing craft: (1) a jeep pulling a ¼-ton trailer, (2) a ¾-ton truck with a ¾-ton
trailer, and (3) a 5-ton truck pulling a 1-ton trailer. Both of the netting systems evaluated
at Onslow Beach, North Carolina, were compared to the standard woven wire mesh
system. The woven 1 ⅛ in.-square mesh nylon netting, the woven 4-in. square mesh
polypropylene cargo netting, and the woven-wire steel mat were reported to weigh 0.26,
0.35, and 2.3 lb/ft2, respectively. None of the test vehicles with trailers were capable of
crossing the dune during an unsurfaced control run, but all three mat systems allowed the
first landing craft passes, which included 10 passes of the jeep and trailer, 10 passes of
the ¾-ton truck and trailer, and 2 passes of the 5-ton truck and trailer. At the conclusion
of testing, approximately 20 percent of the woven-wire mesh was no longer reusable,
while both netting systems were undamaged. The polypropylene netting allowed more
operations prior to resetting than the nylon netting and was therefore recommended for
field trials by the U.S. Navy.
MO-MAT Evaluations (1966)
In 1966 the U.S. Army Materiel Command tasked researchers at WES to
investigate a new and highly advanced fiberglass matting system called MO-MAT
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(Green, 1966). The waffle-pattern system, produced by Air Logistics Corporation in
Pasadena, California, was 5/8 in. thick and weighed 1 lb/ft2. The company sent panels to
WES for evaluation under aircraft loadings over soft soils. In the first evaluation, the
system was delivered as panels that were riveted together. The rivets were not capable of
handling the C-130 aircraft loads; however, the “stratoglass” material proved to be very
tough and worthy of consideration for further development.
The WES investigation led to MO-MAT’s consideration for use as a beach access
mat by the USMC; however, literature describing MO-MAT evaluations over sand and
mud subgrades could not be located by the author. Major procurements of the system
began for the USMC in 1968 as a primary matting system for beach access, mud-flat
crossing, and temporary surfacing for aircraft parking areas. The system was flexible
enough to be rolled for storage and quick deployment. Kits were delivered with each
system that were equipped with bolt-on reinforced panels designed to accept anchor
stakes in the four corners. MO-MAT remained in USMC inventory at the time this thesis
was written; however, the author is involved in current efforts to find a permanent
replacement for the MO-MAT system.
Forrest Service Portable Stream Crossing Evaluations (1995)
An article published in the Transportation Research Record documents an
investigation conducted by the U.S. Forrest Service which assessed portable materials for
streambed crossings for low-volume roads and the logging industry (Mason &
Greenfield, 1995). The study included PVC pipe fascines covered with steel grating,
steel grating, rubber tire mats, wooden pallets, and timber mats. According to the study,
all of the systems were capable of carrying typical logging equipment loads with only
9

minor disturbance to the native stream-bed materials. Under each system (except for
rubber tire mats) geotextile placement was recommended in order to increase bearing
capacity and to reduce the amount of settling that occurred. The systems evaluated (with
the exception of PVC fascines) required the use of material-handling equipment for
installation and could not be considered lightweight and expedient materials that could be
used for beach access materials.
Modern Mat System Evaluations (1998 – 2001)
The U.S. Army Corps of Engineers (USACE) began investigating roadway
matting systems for beach access in 1998 as a part of a program entitled “Advanced
Materials for Construction of Contingency Pavement” (Webster & Tingle, 1998). The
objective of this program was to investigate new commercially available matting systems
for use as temporary road materials. The study investigated fiberglass-reinforced mats,
plastic hexagonal mats, aluminum hexagonal mats, plastic-mesh mat (Mobi-Mat®), and
reinforced plastic-mesh mat (Mobi-Mat® with reinforcing bars). A 5-ton military truck
was used for trafficking over a controlled sand test section at the WES. Results from the
study indicated that the plastic-mesh mat systems could not prevent rapid rut formation
which was not acceptable. The other three systems performed adequately; however, the
aluminum hexagonal system was too heavy and costly to be practical for most situations.
In 2001 USACE introduced a new program entitled “Enhanced Costal
Trafficability / Sea State Mitigation ATD: Soft Soil” (Santoni, Smith, Tingle, & Webster,
2001). The objective of the study was to attempt to discover a temporary roadway
system capable of allowing military vehicle traffic to cross swamp or marshland areas
with subgrades less than 0.5 CBR. A test road was constructed at the WES from
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woodchips, sand, and geofoam blocks, was covered with geotextiles, and was then
flooded with water to simulate a swamp. Mat systems evaluated included fiberglass
reinforced mat, DURA-BASE® mat, and SOLOCO wood mat. Both the DURA-BASE®
and SOLOCO wood mat systems were large, heavy panels designed for low subgrade
strengths and use by heavy vehicles in the oilfield construction industry and would not be
suitable for expedient beach access mats. The fiberglass reinforced mat was similar to
the system evaluated in 1998; however, the size was reduced to a usable area of 6 ft
square to make panels easier to carry and install by hand. Results of the study indicated
that only the DURA-BASE® and SOLOCO wood mats were capable of sustaining the
required 2,000 passes of 5-ton military truck traffic over subgrades less than 0.5 CBR,
but neither of these systems was considered expedient because each required materialhandling equipment for installation.
In addition to the soft soil test performed in 2001, another parallel study was
conducted to evaluate lightweight systems over a sand roadway (Santoni, 2003). A
circular roadway was constructed of loose sand and was surfaced with plastic hexagonal
mat, fiberglass-reinforced mat (now called MP or ACE-Mat™), and a section of sandgeofiber stabilized material. All three sections contained at least one area with a radius to
determine performance of the systems with traffic in a curve. A 5-ton military truck was
used to traffic the test roadway. Results of the study indicated that the plastic hexagonal
mats became disconnected in the curved section of the roadway, causing system failure.
The fiberglass-reinforced mat performed well in both the straight and curved roadway
sections, and it remained in usable condition after the required 500 truck passes. This
system was recommended for use as a beach access mat.
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CHAPTER III
MATERIAL AND FULL-SCALE TEST SECTION DESCRIPTIONS
Overview
The research described in this thesis is part of an ongoing effort to investigate
expeditionary road-construction materials under military vehicle traffic for crossing
nearly impassible terrain. The eleven modern matting systems considered in this thesis
were described in technical reports written for the U.S. Army Engineer Research and
Development Center (ERDC) in 2007 and 2009 and in one paper written for the
Transportation Research Board’s (TRB) Low Volume Roads Conference in 2011. In the
first ERDC report (Rushing, T. S., Tingle, and Mason, 2007), the author of this thesis was
a team member responsible for assisting in mat installation, instrumentation installation,
data collection, and review of the final project report. This report evaluated nine modern
mat systems over a loose sand test road with military truck traffic.
In the 2009 ERDC report (Rushing, T. W., Tingle, McCaffrey, & Rushing,T. S.,
2009), the author of this thesis was the lead researcher responsible for experimental
design, test section construction, mat installation, data collection, data reduction,
recommendations, and final documentation of the research effort. This study included
three modern matting systems (one system, Mobi-Mat®, was also included in the 2007
ERDC report). All three systems were assessed over soft soil subgrades; however, only
Supa-Trac and MO-Mat were evaluated over sand and soft soil in sub-freezing
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temperatures. Although Mobi-Mat® and MO-Mat were included in the evaluations, only
the Supa-Trac system is described in the 2009 ERDC report.
Evaluation of the MO-Mat performance in sub-freezing temperatures was
undocumented prior to the writing of this thesis. The remaining evaluations of MO-Mat
and Mobi-Mat® over sand and soft soil are included in the paper written by Rushing, T.
W. and Howard (2011). This paper compares all eleven unique systems over sand and
three systems over weak, fine-grained subgrades to increase the reader’s awareness of
available modern matting system types and to introduce data that aids in selecting
applicable systems. The research presented in the documents described above was
consolidated into this thesis to describe the overall experimental program conducted from
2007-2009.
Materials Evaluated
The materials used in the experiments described in this report were selected by
personnel from the Marine Corps Systems Command (MarCorSysCom) in Quantico,
Virginia, and the ERDC in Vicksburg, Mississippi. Matting systems were chosen from
requests for information (RFIs) written by MarCorSysCom and the ERDC in 2005 and
2008. The products evaluated during this study cover a range of material and
construction types. Other similar systems are available commercially, but these were not
included due to time and budget constraints. Descriptions of each roadway matting
system are included in this chapter.
ROLLAROADTM MKIII
ROLLAROADTM is a rolled, high-density polyethylene (HDPE) matting system
marketed by Event Systems Limited in the United Kingdom. The mat is green in color
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and is composed of extruded HDPE strips connected together to form a continuous mat
that can be rolled for easy transport and assembly. According to product literature, the
mat system is a portable roadway designed to support vehicles of up to 50 tons (22,000
lb/axle) with an anti-skid profile (ROLLAROAD, n.d.). The system weighs
approximately 3.5 lb/ft2. Rolls of this mat can be configured to a number of different
lengths to meet specific customer needs. A roll of ROLLAROAD™ 10 ft wide by 42 ft
long was used for the evaluation. Prior to the evaluation, the material had been stored
outdoors in a rolled form since 2004 and was assessed in 2006. The price of a 10-ft by
82-ft roll of ROLLAROADTM with accessories was $12.20/ft2 in 2002 (Rushing, T. S. et
al., 2007). Updated pricing was requested, but no response was given to the author. A
photo of the ROLLAROADTM mat system is shown in Figure 1.

Figure 1

ROLLAROADTM Matting System Prior to Evaluation

14

RoverDeckTM
RoverDeckTM was a rolled HDPE matting system manufactured and marketed by
Signature Fencing and Flooring Systems, LLC, in New York City. Contact with the
company at the time of this thesis, however, revealed that the product is no longer
manufactured. The mat was gray in color and consisted of an HDPE membrane material
connecting 1.5-in. diameter poly vinyl chloride (PVC) reinforcing rods. The rolls of
matting were 12-ft 8-in.-wide and 25-ft long. Product literature indicated that rolls
weighed 900 lb or 2.8 lb/ft2. Prior to the evaluation, the material had been stored indoors
since 2005 and was assessed in 2006. The price of the RoverDeckTM system in 2006 was
$8.25/ft2 (Rushing, T. S. et al., 2007). A photo of the RoverDeckTM mat system is shown
in Figure 2.

Figure 2

RoverDeckTM Matting System Prior to Evaluation
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Fast Composite Roadway (FCR)
Fast Composite Roadway (FCR) is a rolled aluminum matting system
manufactured and marketed by Deschamps Mat Systems, Inc., in Little Falls, New
Jersey.

The mat is silver in color (unpainted aluminum) and is composed of extruded

aluminum strips held together by strips of composite connectors to allow for reduction in
weight and the ability to be rolled into a compact roll for reduced transport volume.
According to product literature, the system weighs 6.14 lb/ft2; and standard rolls are
approximately 15-ft wide by 164-ft long and weigh approximately 15,200 lb (F.C.R.,
2010). A roll of FCR 15-ft wide by 35-ft long was used for evaluation. Prior to
evaluation, the FCR had been stored indoors in a wooden shipping crate since 2005. The
price of FCR in 2006 was $54.35/ft2 (Rushing, T. S. et al., 2007). Updated pricing was
requested, but no response was given to the author. A photo of the FCR mat system is
shown in Figure 3.

Figure 3

FCR Matting System Prior to Evaluation
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Plastic Hexagonal Mat
Plastic Hexagonal Mat, a system made of hexagonal shaped HDPE panels, is
produced by UmTech MtM Bielefeld, Ltd., in Bielefeld, Germany. It is also
manufactured as HexaDeck by Signature Flooring and Fencing Systems, Ltd., in New
York City. The panels are gray in color with a non-skid diamond tread pattern on the
upper surface. Panels are lightweight, interlock without mechanical connectors, and do
not require tools for assembly. Each panel weighs 6.3 lb and covers 3.0 ft2 of surface
area for a unit weight of 2.1 lb/ft2 (HexaDeck, 2010). The system was designed for use
as temporary roadways, turf protection for outdoor events, tent floors, and walkways.
Panels tested were manufactured by UmTech and had been stored on pallets in an
outdoor storage area since 2002 (Rushing, T. S. et al., 2007). At the time of this thesis,
the price of and individual panel from Signature Flooring and Fencing Systems, Ltd., was
$15.60 or $5.20/ft2. A photo of the Plastic Hexagonal Mat system is shown in Figure 4.

Figure 4

Plastic Hexagonal Mat Prior to Evaluation
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Aluminum Hexagonal Mat
Aluminum Hexagonal Mat is a system made of hexagonal-shaped aluminum
panels and is produced by UmTech MtM Bielefeld, Ltd., in Bielefeld, Germany. The
panels are silver in color (non-painted aluminum), interlock without mechanical
connectors, and do not require tools for assembly. Each panel weighs 21.6 lb and covers
3.0 ft2 of surface area for a unit weight of 7.2 lb/ft2. The system was designed to be more
robust than the plastic version and to be used for temporary roadways. Panels tested in
this thesis had been stored on pallets in an outdoor storage area since 2001. The price of
Aluminum Hexagonal Mat in 1997 was $175.00 each or $58.33/ft2 (Rushing, T. S. et al.,
2007). Updated pricing was requested, but no response was given to the author. A photo
of the Aluminum Hexagonal Mat system is shown in Figure 5.

Figure 5

Aluminum Hexagonal Mat Prior to Evaluation
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BRAVO® Mat System
BRAVO® Mat was a system made of square-shaped, high-strength thermoplastic
panels produced by Newpark Resources, Inc., in Carencro, Louisiana. Contact with the
company at the time of this thesis, however, revealed that the product is no longer
manufactured. The panels were either gray or desert tan in color with a non-skid,
diamond tread pattern on the surface. Panels were lightweight with overlap/underlap
edges and mechanical connectors and required only a simple hexagonal-end tool for
assembly. Overall panel dimensions were 48 by 48 in. with usable dimensions of 42 by
42 in. Panels could be purchased with single or double-sided skins and weigh 45 and 60
lb, respectively, with unit weights of 3.7 and 4.9 lb/ft2 (BRAVO, n. d.). The system was
designed for use as temporary roadways, turf protection for outdoor events, maintenance
floors, and walkways. Double-sided panels were used in this thesis and were delivered
immediately prior to evaluation in 2006. The price of BRAVO® Mat in 2006 for doublesided mat was $160.20 per panel or $13.08/ft2 (Rushing, T. S. et al. 2007). A photo of
the BRAVO® Mat system is shown in Figure 6.
ACE-Mat™
The ACE-Mat™ system, made of square-shaped fiberglass panels, was
developed, patented, and trademarked by the ERDC under a previous mat development
program. It is produced by GFI, Inc., in Harrison, Arkansas. The panels are either
yellow or green in color with a woven non-skid pattern on the surface. Panels have
overlap/underlap edges, are thin and lightweight, have aluminum mechanical connectors,
and require only a hexagonal-end tool or pneumatic air wrench for assembly. Overall
panel dimensions are 80 in. by 80 in. with usable dimensions of 72 in. by 72 in. Panels
weigh approximately 115 lb with a unit weight of 3.2 lb/ft2 (Military MP Mat, n. d.).
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Figure 6

BRAVO® Mat Prior to Evaluation

The system was designed for use as temporary roadways and as foreign object debris
covers for helipads and aircraft parking aprons. Panels used in the evaluation had been
stored outdoors on pallets since 2003 prior to the 2006 assessment (Rushing, T. S. et al.,
2007). The price of ACE-Mat™ at the time of this thesis was $410.00 per panel or
$11.40/ft2 including six connectors and one edge anchor. A photo of the ACE-Mat™
system is shown in Figure 7.
DuraDeck
The DuraDeck mat system is composed of rectangular-shaped HDPE panels and
is produced and marketed by Signature Fencing and Flooring Systems, LLC, in New
York, New York. The panels are either white or black in color with a diamond non-skid
pattern on both sides. Panels are thin and lightweight, are connected in the corners by
steel or plastic connectors, and require no tools for assembly. Panel dimensions are 48 in.
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Figure 7

ACE-Mat™ Prior to Evaluation

by 96 in., and each panel weighs approximately 86 lb with a unit weight of 2.7 lb/ft2
(DuraDeck, 2010). The system was designed for use as temporary roadways, turf
protection, and construction platforms. Panels used in the evaluation had been stored
outdoors on pallets since 2005 prior to the 2006 assessment (Rushing, T. S. et al. 2007).
The price of DuraDeck at the time of this thesis was $228.00 per panel or $7.13/ft2. A
photo of the DuraDeck system is shown in Figure 8.
Mobi-Mat® A2X
Mobi-Mat® A2X mat system is a rolled, proprietary open-weave polyester
matting system manufactured and marketed by Deschamps Mat Systems, Inc., in Little
Falls, New Jersey. The panels are thin, lightweight, white in color, and have a patented
non-skid surface. Panels are connected with quick link connectors that thread through
metal eyelets on adjacent panel ends. Edges and free ends must be staked through metal
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Figure 8

DuraDeck Prior to Evaluation

grommets to prevent movement under traffic. Rolls of Mobi-Mat® A2X are 13 ft 8 in.
wide and can be purchased in lengths of 33 ft, 66 ft, or 132 ft. Rolls weigh 183, 335, and
644 lb, respectively, for the different lengths with a unit weight of 0.41 lb/ft2 (B. A. M.,
2010). The system was designed for use as temporary roadways across sand subgrades
and as temporary helipads. Rolls used in the evaluation were 33 ft long and had been
stored outdoors on pallets since 2004 prior to the 2006 and 2008 assessments (Rushing,
T. S. et al. 2007). The GSA price of Mobi-Mat® A2X at the time of this thesis was
$16,494.00 for a 33 ft roll, or $36.56/ft2, and $40,044.88 for a 132 ft-roll, or $22.19/ft2.
A photo of the Mobi-Mat® A2X system is shown in Figure 9.
Supa-Trac
Supa-Trac was developed by Rola-Trac, in County Cork, Ireland, and is marketed
by Infield Systems, in Van Buren, Arkansas. Two grades of Supa-Trac are available for
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Figure 9

Mobi-Mat® A2X Prior to Evaluation

use as temporary roadways: standard and economy. The economy version, made with
recycled material, was not deemed robust enough for military use and was not included in
this evaluation. The standard Supa-Trac is made of a nucleated copolymer polypropylene.
The mat system is comprised of individual panels with dimensions of approximately
36 by 9 by 1.4 in. and a weight of 5.5 lb, or 2.5 lb per ft2 (Supa-Trac, 2007). The panels
are joined by a system of T-bars and receptors with locking clips to hold the connections
in place. The panels can be assembled in multiple-size configurations for delivery on
pallets, or they can be rolled in 60 or 80 ft rolls for quick deployment. Assembly of
individual panels requires connector clips and a rubber mallet or boot heel. A flat
screwdriver or similar tool is required for disassembly of panels. Supa-Trac was
delivered in two shipments. The first was configured in rolls with continuous longitudinal
joints, and the second was configured in rolls with staggered longitudinal joints creating a
brickwork pattern. The Supa-Trac matting used in the evaluation was delivered
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immediately prior to assessment (Rushing, T. W. et al., 2009). A photo of the Supa-Trac
system is shown in Figure 10.

Figure 10

Supa-Trac Prior to Evaluation

MO-Mat
The MO-Mat was a rolled fiberglass panel system developed and marketed by Air
Logistics Corporation, in Pasadena, California. The panels were molded in a waffleweave pattern from a fiberglass-reinforced material called STRATOGLASS®. Panels
were tan in color and had a nonskid material applied to the surface. Typical panel
dimensions were 12 ft 2 in. wide by 48 ft 6 in. long. Each panel weighted approximately
600 lb or 1 lb/ft2 (MO-MAT, 1983). The MO-Mat system was designed for temporary
roadways across mud and sand subgrades and for helipads and light aircraft parking.
MO-Mat has been used extensively by the USMC since the late 1960’s but is no longer
manufactured. New MO-Mat material was acquired from an indoor storage warehouse
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by the USMC. A packing slip with the MO-Mat indicated the product had been
manufactured and packaged in 1969. One complete kit which included six MO-Mat
panels, anchor assemblies, edge reinforcement, repair kits, and recovery straps was
delivered for testing. The panels were delivered on a pallet in a single roll with a
diameter of approximately 4 ft and weighing approximately 3,750 lb. A photo of the
MO-Mat system is shown in Figure 11.

Figure 11

MO-Mat Prior to Evaluation

Descriptions of each of the eleven mat systems along with physical property data
are summarized in Table 1 (Rushing, T. W. & Howard, 2011). The weight, volume, and
cost data are reported on a common basis of square feet of road surface to provide direct
comparisons. The cost data reported in Table 1 were updated to reflect new pricing
obtained by the author for this thesis relative to the data provided by Rushing, T. W. and
Howard (2011).
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Table 1

Properties of Mats Tested

L
W
t
D
Vp
Mat Description As Tested
(ft) (ft) (in.) (lb/ft2) (ft3/ft2)
1
ROLLAROADTM MKIII: Rolled 42
10
1.25 3.1
0.20
HDPE mat constructed from
extruded strips.
2
RoverDeckTM: Rolled mat of
25
12.7 1.50 2.5
0.08
HDPE slats and PVC reinforcing
rods.
3
FCR: Rolled mat made of
35
14
1.5
5.2
0.37
rectangular aluminum tubes
connected by a flexible
composite material.
1.7 1.7 1.75 2.1
0.26
4
Plastic Hex: 3-ft2 hexagonal
HDPE interlocking panels.
5
Aluminum Hex: 3-ft2 hexagonal 1.7 1.7 1.75 7.2
0.26
aluminum interlocking panels.
6
BRAVO® Mat: Interlocking
3.5 3.5 2.75 4.7
0.34
HDPE panels with cam-style
fasteners to lock adjacent panels
in an overlap region.
7
ACE-MatTM: Fiberglass
6
6
0.375 3.1
0.068
reinforced interlocking panels
connected by separate aluminum
twist lock connectors.
8
DuraDeck: HDPE panels with
4
8
0.5
2.7
0.083
holes at corners for insertion of
separate steel connectors.
9
Mobi-Mat® A2X: Rolled mat
33
13.7 0.5
0.41
0.066
made of woven polyester textile
in a proprietary open, crossweave mesh with a rough
corrugated surface.
10
Supa-Trac: Rolled mat system
60
15
1.4
2.5
0.16c
made of HDPE panels with
T-bar connectors and receptors
held together with locking clips.
11
MO-Mat: Rolled mat system
48.5 12.2 0.625 1.0
0.22
made of fiberglass reinforced
material called
STRATOGLASS® molded into a
waffle-weave pattern and coated
with a non-skid material.
L = length W = width t = thickness D = density Vp = packed volume
a

Price in 2002
Price drops to about $22.19/ft2 for 132-ft-long mats
c
Volume for rolled configuration only
d
Needs staking to subgrade
b
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Cost
Install Rate,
($/ft2) ft2/manhour
12.20a 1800d
8.25 1270d

54.35 1480

5.20 440
58.33 250
13.08 310

11.39 380d

7.13 430d
36.56b 1500d

5.25

4800

NA

2400d

Subgrade Materials
Sand (SP)
The material used to simulate a loose beach sand subgrade was procured by
Rushing, T. S. et al. (2007) and constructed as a straight roadway section. The sand was
local pit-run washed sand that contained 4 percent gravel and 2 percent fines. The
material classified as poorly graded sand (SP) by the Unified Soil Classification System
(USCS), ASTM D 2487.
Clayey Silt (ML-CL)
The material used to create the weak, fine-grained test sections was deposited
inside a dredge-fill containment area constructed for depositing soil when dredging the
adjacent Brown’s Lake (Santoni, 2003). The most recent material deposits were made
during the 1980’s. The material was composed of native loess deposits of silts and clays
common to the Vicksburg region. Classification data according to the USCS, ASTM
2487 resulted in a low-plasticity clayey silt (ML-CL). Existing vegetation was present at
the site but was removed prior to test section construction.
Silty Sand (SM)
The material that served as the foundation of the cold-weather test section at Fort
McCoy, Wisconsin, was the native material in the area. According to a local geologic
survey, the material was deposited from weathered sandstone, was fast draining and
quick freezing, and was greater than 60 ft deep in many areas (Rushing, T. W. et al.,
2009). The material was classified as silty sand (SM) by ASTM 2487.
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Full-Scale Test Section Construction
Full-scale test sections described in this thesis are defined in terms of unique
subgrade type for comparing system performance. The following definitions will be used
to describe the subgrade conditions investigated in this thesis.
1.

SP-15 –loose SP test roadway with a California Bearing Ratio (CBR) of 15

2. ML-1 –ML-CL test section with a CBR of 1 to 3
3. ML-5 –ML-CL test section with a CBR of 5
4. SM-5 –partially frozen SM subgrade with a CBR of 5
5. SM-80 –completely frozen SM subgrade with a CBR of 80
Detailed descriptions of each test section are described in the sections that follow.
SP-15
SP-15 was constructed on the ERDC, Vicksburg, Mississippi, installation. The
construction was observed by the author of this thesis as a team member in absence of
direct involvement. SP material was procured from a local source in Vicksburg and
delivered to the testing area. The material was placed in a single 24 in. thick lift that was
unconfined and was approximately 24-ft wide and 320-ft long to accommodate the
installation of nine roadway matting systems. Once the SP material was placed, it was
compacted with three complete coverages of a 12-ton vibratory roller to settle the
material and to achieve a 15 CBR subgrade strength. A Dynamic Cone Pentrometer
(DCP) with a 10-lb hammer was used to characterize the bearing capacity of the
completed test roadway according to ASTM D 6951 and Webster, Brown, & Porter
(1992). A typical DCP profile of the SP-15 section is shown in Figure 12. Crushed
limestone was placed on each end of the SP-15 section to connect the section to an
existing gravel road to enable the construction equipment and the traffic vehicle to enter
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and exit the test section without becoming immobilized. A photo of SP-15 construction
is shown in Figure 13.

SP-15, STA 0+40
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Representative DCP Profile for the SP-15 Test Section

ML-1
ML-1 was constructed adjacent and parallel to the SP-15 section by the author as
lead researcher in 2009. The test section was constructed by tilling the existing subgrade
in an area 20 ft wide by 240 ft long with a rotary mixer to a depth of 16 in. Once the
material had been tilled and smoothed with a front-end loader, water was applied and
tilled into the section to reduce the bearing capacity until the desired 1-3 CBR was
achieved. A standard DCP with a 10-lb hammer was used to characterize the subgrade
condition. Variability in the data at low CBR values caused the author to specify a CBR
range instead of a single value. A typical DCP profile plot is shown in Figure 14. The
1-3 CBR subgrade was so weak that the mixers used to obtain a consistent moisture
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Figure 13

SP-15 Test Section Construction in 2006
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Typical DCP Profile for the ML-1 Test Section
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content throughout the section became immobilized and had to be pulled out by other
equipment. A photo of ML-1 test section construction is shown in Figure 15.

Figure 15

ML-1 Test Section Construction

ML-5
ML-5 was constructed on the west end of ML-1 by the author as lead researcher
in 2009. Construction required removing the upper 2 in. of grass from a 20-ft wide by
150-ft long area with a rotary mixer and bulldozer. The bearing capacity of the in-situ
ML-CL subgrade was approximately a 5 CBR when measured with the DCP; therefore,
no additional preparation was required. A typical profile plot is shown in Figure 16.
SM-5 and SM-80
SM-5 and SM-80 were constructed at Engineer Dig Site 09 at Fort McCoy,
Wisconsin, by the author as lead researcher in 2009. The subgrade was prepared by
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ML-5 Test Section, Station 0+20
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Typical DCP Profile for the ML-5 Test Section

tilling a section of existing subgrade 20-ft wide by 300-ft long to a depth of 16 in. with a
rotary mixer and back-blading it with a bulldozer for smoothness. A standard DCP with
a 10-lb hammer was used to verify the subgrade strength. Typical profile plots from DCP
measurements of the sections are shown in Figures 17 and 18. Both the SM-5 and SM-80
sections were constructed simultaneously. The difference in subgrade strength was a
function of the depth of frozen subgrade in the test section. SM-5 was only allowed to
freeze to a depth of 2 in., and SM-80 was allowed to freeze to a depth of 6 in. Since
temperatures were greater than 30 degrees below freezing during the SM-80 evaluation,
the depth of the frozen layer increased during testing. A photo of SM-5 and SM-80
construction is shown in Figure 19.
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Typical DCP Profile for the SM-5 Test Section

SM-80 Test Section, Station 0+45
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Figure 19

SM-5 and SM-80 Test Section Construction
Instrumentation Installation

Earth Pressure Cells (EPCs) were installed underneath nine of the matting
systems evaluated on the SP-15 test section during the 2006 evaluation. The author of
this thesis was a team member for the evaluation and assisted in EPC installation. The
SP-15 subgrade was instrumented with 9-in. diameter Geokon® model 3500 cells
installed at a depth of 12 in. directly under the wheel path of the test vehicle to monitor
stress distributions provided by each mat system. EPCs were not installed underneath
any of the items evaluated in 2009 due to time and budget constraints. A photo of EPC
installation is shown in Figure 20.
Mat Installation
Roadway mat systems were installed according to manufacturer’s
recommendations in their respective test sections. For determination of installation rates,
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Figure 20

Typical Pressure Cell Installation in SP-15 Test Section

small sections were preassembled by researchers to ensure familiarity prior to time
events. Stakes and strings were installed to mark the centerlines of the test sections prior
to mat system installation. Systems were lined up along the centerline and either rolled
or assembled in one direction until the entire section was complete. For systems that
required staking by manufacturer’s directions, time was recorded until all stakes were
installed.
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CHAPTER IV
EXPERIMENTAL PROGRAM
The experimental program described in this thesis can be defined as partial,
meaning only eight of the eleven roadway matting systems were instrumented, only three
systems were included in the ML-1 test section, and only two systems were included in
the ML-5, SM-5, and SM-80 test sections. However, important conclusions can still be
derived from assembly of all data from these evaluations into one document. The
following sections describe the test vehicle, data collection procedures, failure criteria,
control evaluations, and cold-weather evaluations.
Test Vehicle Description
A key constant in all roadway matting system evaluations described in this thesis
was the testing vehicle. Each section was trafficked with the same 7-ton USMC transport
vehicle loaded to maximum capacity with 7-tons of lead and steel blocks in the bed,
centered above the rear axles. The truck was designed with six wheels, two drive wheels
in the front and two load wheels on each side of the rear. Tire pressures were adjusted to
recommended “cross-country” driving conditions with 28 lb/in2 in the front and 35 lb/in2
in the rear. According to the load distribution plate located inside the test vehicle, the
front axles weighed 15,290 lb and the two rear axles combined weighed 29,310 lb when
loaded to its 7-ton maximum capacity. Channelized traffic was applied to each test
section by driving the test vehicle forward and then backward in the same wheel paths at
5-10 mph until the test was complete. Accelerations and decelerations occurred on end
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ramps at either end of each test section. A photo of the test vehicle used in the
evaluations is shown in Figure 21.

Figure 21

Seven-Ton Test Vehicle on the SP-15 Sest section
Data Collection Procedures

Pre-Test Subgrade Data Collection
Prior to the installation of roadway matting systems, pre-test data were collected
on each prepared subgrade section as a baseline to establish the condition prior to traffic.
First, each section was marked by driving stakes where the individual mat sections would
begin and end. Next, the length of each mat section was divided by four, and quarter
points were established on opposite sides of the test section separated by 20 ft when
measuring perpendicular to the direction of traffic. Wooden stakes were driven outside
the test areas at these quarter point locations to serve as reference points for data
collection before, during, and after trafficking. Data were not collected at the mat ends
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because effects of the test vehicle’s entering and leaving the matted section can in many
instances skew results, especially when monitoring rut depths. A benchmark was
established for each test section outside of the trafficked area as a reference point for rod
and level measurements. A measuring tape was stretched between quarter point stakes,
and rod and level measurements were recorded at 1-ft intervals to establish baseline
cross-sections. DCP measurements were recorded at each quarter point location to
characterize the bearing capacity of each test subgrade. Moisture and density
measurements were also were taken at quarter points for most test sections using a
Troxler 3430 nuclear gauge according to ASTM D 3017 and ASTM D 5195,
respectively.

An example of data collection locations of a mat section is shown in

Figure 22.
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Pre-Test Mat Surface Data Collection Locations
After mat systems were installed, at least one wheel path was marked by painting
a line along a taught string. The wheel path was used to mark locations for profile
measurements. Mat surface profiles were determined by stretching a measuring tape
from beginning to end of the matted section and reading rod and level elevation
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measurements at 1-ft intervals along the marked wheel path. Cross sections were
recorded at 1-ft intervals along each quarter point for a baseline reading prior to traffic
application. Pre-test rut depths were recorded by centering a 10-ft long straightedge
perpendicular to the marked wheel path and recording the deepest measurement from the
bottom of the straightedge to the top of the mat surface.
Data Collection during Traffic Tests
Previous evaluation of roadway matting systems at the ERDC indicated that the
rate of rut formation and permanent deformation was nearly exponential. Therefore,
most of the rutting and deformation in the mat systems occurred during the first few
passes until the systems were “seated” or all voids had been removed and the system
became relatively stable. The rate of change decreased until little change was noted near
the highest numbers of passes. Data collection intervals chosen for the evaluations
reflected the rut formation behavior. Traffic was suspended for data collection after 0,
10, 20, 50, 100, 200, 500, 1000, 1500, and 2000 passes or when the condition of a test
item changed significantly. When a scheduled data collection point was reached, the
following actions occurred:
1.

The mat surface(s) were visually inspected for damage or fatigue.

2. Rut depths were measure along the marked wheel path with a folding ruler
while pressing the mat to contact the subgrade as shown in Figure 23.
3. Rod and level cross-section measurements were recorded at each quarter point
as shown in Figure 24.
4. EPC data was recorded at 250 hz for the last 10 passes leading up to each
traffic interval. (e.g. passes 41-50 were recorded)
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Profiles along the marked wheel path were measured only by rod and level after 1000 and
2000 passes, or the completion of a test.

Figure 23

Typical Rut Depth Measurement

Post-test Data Collection
Once a test was concluded on a particular matting system, data were collected on
the mat surface and the subgrade after the mat was removed. The same data as described
in the Pre-test Mat Surface Data Collection and Pre-test Subgrade Data Collection
sections above were collected to characterize the post test condition of the mat surface
and the subgrade surface underneath. Rut depths, cross-sections, and profiles were
measured on each surface, along with a final visual inspection of the mat system.
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Figure 24

Typical Rod and Level Cross-Section Measurement

Failure Criteria
The failure criteria chosen for all roadway mat evaluations were derived from
criteria used in previous studies on the same subject for comparative analysis. Two
criteria were chosen as failure:
1.

The average of three rut depths measured at quarter points of a section
exceeded 3 inches.

2. Greater than 20% of the mat system was broken and no longer usable.
If either of these two failure criteria was exceeded, the roadway mat system was
considered failed. In most cases the 3-in. rut criteria was exceeded before any damage
occurred and while the system was still functional. Even when the 3-in. rut had been
achieved, traffic was continued and mat breakage was monitored for additional data. The
3-in. rut depth is not a function of vehicle immobilization, but greater rut depths can
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cause instability and catching of the mat system on the bottom of vehicle axles with less
ground clearance than the test vehicle.
Sand Evaluations
Loose sand evaluations, SP-15, were considered the most important by roadway
mat system users in the U.S. Military; therefore, all eleven mat systems were tested over
the SP-15 subgrade. The SP-15 subgrade represents a beach access scenario in which
transport vehicles can quickly become immobilized without the addition of a mat surface
to confine the loose particles and to increase the bearing capacity. Mat systems were
required to sustain a minimum of 2,000 passes prior to exceeding the failure criteria to be
considered for use. The evaluation of multiple system types over identical conditions
provides a unique comparison to help system users make informed decisions based on
many factors.
Soft Soil Evaluations
Soft soil evaluations, ML-1 and ML-5, were conducted to represent soil types
typical of swamp or marsh environments commonly found near coastlines and river
systems. Only Mobi-Mat® and Supa-Trac were evaluated over ML-1, and Supa-Trac and
MO-Mat were evaluated over ML-5 because of specific project requirements. The
behavior of the ML material makes vehicle passage much more difficult because of the
low bearing capacity of the subgrade. For a mat system to be successful over such weak
materials, it must be able to distribute vehicle load over a large area by exhibiting a great
deal of local stiffness. The rapid rate of rut formation in weak soils also causes large
movements in matting systems under loading and, therefore, induces large stresses in
connection systems and individual components that make up the matting system. Mat
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success in soft-soil evaluations should be relative to the subgrade strength with increasing
numbers of acceptable passes with increasing measured CBR values.
Cold-Weather Evaluations
Cold-weather evaluations, SM-5 and SM-80, were conducted on Supa-Trac and
MO-Mat to determine if sub-freezing temperatures would affect their performance under
military vehicle traffic. Users of the mat systems were concerned that the mats may
become brittle and crumble when trafficked in cold climates. The evaluations were
conducted by constructing full-scale test sections at Engineer Dig Site 09 located on the
Fort McCoy, Wisconsin, reservation in February of 2009. Temperatures for testing were
required to be less than 32 degrees Fahrenheit (°F) for 24 hours prior to evaluation. SupaTrac and MO-Mat were evaluated during two different temperature conditions. In the
SM-5 evaluation, Supa-Trac and MO-Mat were installed over the subgrade, and
temperatures remained below 32°F for 36 hours prior to traffic application. The subgrade
surrounding the test section was frozen to a depth of 2 in.; however, it was discovered
that the mats actually insulated the ground and prevented the area underneath from
freezing to the same depth. Prior to the evaluation, DCP measurements indicated the
subgrade strength was approximately 5 CBR. During the evaluation, temperatures
ranged from 24-28°F. For the SM-80 evaluation, sub-freezing temperatures were
recorded for 60 hours prior to traffic application, and temperatures ranged from -2 to
22°F over three days of trafficking. Supa-Trac was rolled after pre-test data collection,
and the subgrade was allowed to freeze without the insulating effects of the mat. SupaTrac was unrolled just prior to the beginning of traffic application. DCP measurements
prior to traffic indicated a frozen layer of subgrade approximately 6-8 in. thick covered
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the prepared subgrade, and the effective subgrade strength was 80 CBR. MO-Mat
remained in place from the SM-5 evaluation and was previously failed due to greater than
3 in. of rut development. Traffic was applied to the mat even though a full data set was
not collected to see if the mat would begin to break up in the cold temperatures by
applying traffic.
Control Experiments
Control experiments were conducted on each of the test subgrades, with the
exception of SM-5. The control sections monitored the rate of rut formation under
identical subgrade conditions without the added benefit of a mat surface to distribute the
vehicle loads over a larger area. Control sections for roadway mat evaluations are
important to show the extent the number of passes on a given subgrade increase for a
particular mat surface, to justify the cost of purchasing the material, and to justify the
logistics of carrying the material to the installation site. Data collection on the control
and mat sections was identical with the exception of shorter intervals. Researchers
determined the data collection intervals based on visual observation showing large
changes that should be recorded. Traffic was continued until enough data was gathered
for comparison to the matted sections or until the truck axle began to drag on the
subgrade causing vehicle immobilization. Post-test data were collected to characterize
the unsupported subgrade’s final condition.
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CHAPTER V
TEST RESULTS
The following sections describe the results from the roadway mat system
evaluations described in Chapter IV. The results are separated by unique subgrade type
and are discussed for each mat system individually. Results were presented in this
manner to allow the reader to highlight performance in a variety of conditions as well as
to see relative effects. A list of each mat system and the respective subgrade(s) used for
evaluation is shown in Table 2 alongside key environmental condition data.
Table 2
Mat

Summary of Mat System Test Conditions

ROLLAROAD™
RoverDeck™
FCR
Plastic Hexagonal
Aluminum Hexagonal
BRAVO® Mat
ACE-Mat™
DuraDeck
Mobi-Mat®
Supa-Trac
MO-Mat
Control

Subgrade

SP-15
SP-15
SP-15
SP-15
SP-15
SP-15
SP-15
SP-15
SP-15, ML-1
SP-15, ML-1, ML-5, SM-5, SM-80
SP-15, ML-5, SM-5
SP-15, ML-1, ML-5, SM-80

Environment

Temperate
Temperate
Temperate
Temperate
Temperate
Temperate
Temperate
Temperate
Temperate
Temperate and Cold-Weather
Temperate and Cold-Weather
Temperate and Cold-Weather

Subgrade test conditions were further separated into two major environmental
conditions: (1) temperate and (2) cold weather. For the basis of this study, temperate
refers to an environment absent of extreme annual temperature changes. The intent was
to evaluate the matting systems during temperatures ranging from 50°F to 85°F.
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Evaluations conducted on subgrades SP-15, ML-1, and ML-5 were classified as
temperate. For the cold-weather environment, testing was intended to be conducted
during temperatures from 0°F to 25°F. Evaluations conducted on subgrades SM-5 and
SM-80 were classified as cold weather.
Temperate Environment Evaluations
The following sections describe mat system evaluations over the SP-15, ML-1,
and ML-5 subgrades in temperate environments. Average temperature conditions for
these subgrade types ranged from 55°F to 85°F during trafficking.
SP-15 Results
Each of the eleven mat systems was evaluated over the SP-15 subgrade, and
results are reported in this section. Figure 25 shows the rut depths for each mat system
measured in a wheel path of the test vehicle with a straightedge and ruler. Each data
point is the average of three readings taken at quarter points in one of the wheel paths. In
Figure 25, the x-axis is scaled logarithmically since the rut developed rapidly and then
slowed its progression as the number of passes increased. The sand at the surface was
loose at the beginning of the test and moved outward to areas with less stress when the
vehicle load was applied. The sand continued to move until all voids were filled and it
became confined underneath the mat. Once a state of confinement was reached, the
bearing capacity of the sand increased and the rate of rut formation was greatly reduced.
All mat system and control section rut depths are included on one plot for comparison.
SP-15 Control
Two control test sections were performed on the SP-15 subgrade during the 2006
roadway mat evaluations. One control section was performed prior to and one after
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10000
ACE-Mat

Average Rut Depths for Mat Systems on the SP-15 Test Section

conclusion of the mat evaluations. The second test was conducted to ensure no
significant changes occurred to the subgrade during mat evaluations. For each control
section, a 100-ft long section of the sand was smoothed with a front end loader, staked to
mark off a 60-ft test area, and subdivided into 15-ft long quarter points for data
collection. For the first control, data were collected after 2, 6, 14, 24, and 56 passes. For
the second control, data were collected after 10, 20, and 50 passes. Similar results were
recorded for each of the control sections indicating that little change in subgrade
condition occurred during the mat evaluations. Results from rut depth measurements
indicated that a rut depth of 3 in. was reached after approximately 10 passes, and a 6-in.
rut was reached after 50 passes. Plots of the rut depths and rod and level cross-section
measurements are shown in Figures 25-27, and the final condition of the control section
is shown in Figure 28.
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Control 1 After 56 Passes Over SP-15
ROLLAROAD™ MKIII

The ROLLAROAD™ mat system was delivered to the test section by a forklift,
aligned along the centerline, and unrolled by three workers. The mat was then shifted
into position by tapping the edges with a sledge hammer until they were completely
aligned. Although stakes were installed to prevent lateral movement of the mat during
trafficking, the mat segments were significantly shifted from their original alignment
after 200 truck passes. This lateral shifting continued until the mat was no longer under
the test vehicle, creating a tire hazard. Additionally, the mat sustained a minor amount of
cracking and was considered failed after 1,139 passes. The average rut depth on the mat
system at failure was 1.9 in., so the system did not fail by permanent deformation. Rut
depths are shown in Figure 25, cross-section development is shown in Figure 29, and
final condition is shown in Figure 30.
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ROLLAROAD™ Cross-Section Development on SP-15

Figure 30

ROLLAROAD™ After 1,139 Passes Over SP-15
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Rover Deck™
A forklift was required to transport the RoverDeck™ system to the test section
and align it along the centerline. Three workers attempted to unroll the mat, but the
system’s high flexibility caused it to collapse in the center, making unrolling difficult.
The heavy mat had to be lifted and folded over several times during placement. Once the
system was unfolded, it had to be stretched by hand to full length. After 250 passes,
researchers noticed that the plastic slats had begun to tear away from the PVC reinforcing
rods and the mat was shifting out of alignment. The amount of damage continued to
increase, and reinforcing rods began to break after 500 passes. After 1,050 passes,
greater than 20 percent of the RoverDeck™ system was damaged, and the mat system
was considered failed due to mat breakage. The average rut depth on the RoverDeck™
system reached 2.25 in. at failure; therefore, the mat did not fail by permanent
deformation. Rut depths are shown in Figure 25, cross-section development is shown in
Figure 31, and final condition is shown in Figure 32.
FCR
The heaviest system evaluated, the FCR mat, required a forklift for transport and
alignment. A crew of four workers found unrolling the mat by hand to be difficult, so
two additional workers were recruited for additional help. The flexible fabric sections
connecting the aluminum extrusions allowed the mat to ripple in areas along its length.
Handles that hooked into anchor grommets on the mat’s ends were used to pull the mat to
stretch out the ripples. Once the mat was completely deployed, the handles were
removed. After 2,000 truck passes, only minimal damage was evident. Tears less than 1
in. long were noted, and these were found only on the edges of the fabric joints. Rutting
was minimal, reaching only 0.7 in. at the conclusion of traffic. The FCR system met
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RoverDeck™ Cross-Section Development on SP-15

Figure 32

RoverDeck™ After 1,050 Passes on SP-15
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evaluation objectives without failures. Rut depths are shown in Figure 25, cross-sections
are shown in Figure 33, and final condition is shown in Figure 34.
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FCR Cross-Section Development on SP-15
Plastic Hexagonal Mat

After pallets of the plastic hexagonal mats were delivered by forklift to the SP-15
test section, the individual, lightweight panels were removed by hand. No special tools
were required, and installation could be performed by a single worker. After only 400
truck passes, the mat met the 3-in. rut-failure mark. Damage to the mat itself, however,
was minimal. Only minor cracking was noted in a few of the panel edges after 2,000
truck passes, but the average rut depth had increased to 4.5 in. Even though the test
vehicle had no problems continuing over the mat surface with this rut depth, the axles of
typical passenger vehicles would most likely begin to drag on the mat. Rut depths are
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shown in Figure 25, cross-section development is shown in Figure 35, and final condition
is shown in Figure 36.

Figure 34

FCR After 2,000 Passes on SP-15
Aluminum Hexagonal Mat

Once the Aluminum Hexagonal mats had been delivered to the SP-15 test section,
the lightweight panels could be carried into place and installed by a single worker.
Panels required no tools for assembly and were easily installed. No damage was noted to
the trafficked panels after 2,000 truck passes, and rut depths measured only 1.5 in.
Therefore, the system met evaluation objectives without failures. Rut depths are shown
in Figure 25, cross-section development is shown in Figure 37, and final condition is
shown in Figure 38.
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Plastic Hexagonal Mat Cross-section Development on SP-15

Figure 36

Plastic Hexagonal Mat After 2,000 Passes on SP-15
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Aluminum Hexagonal Mat Cross-Section Development on SP-15

Figure 38

Aluminum Hexagonal Mat After 2,000 Passes on SP-15
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BRAVO® Mat
BRAVO® Mat panels were stacked on pallets and moved to the SP-15 subgrade
by a forklift. Two workers were required to carry each panel into position, and one
worker was required to lock the panel into place using its built-in connection system and
the supplied T-handle tool. The first damage noted to the BRAVO® Mat panels occurred
after 1,500 passes when the upper skins began to delaminate in the corner of two panels.
The delaminations began near the connectors but did not continue to progress across the
mat surface nor cause any tire hazards for the test vehicle. Four more panels showed
signs of similar delaminations after 2,000 passes; however, none of the panels were
considered failed. Rut depths measured only 0.6 in. after 2,000, so the system performed
adequately and passed the evaluation objectives. Rut depths are shown in Figure 25,
cross-section development is shown in Figure 39, and final condition is shown in Figure
40.
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Figure 40

BRAVO Mat® After 2,000 Passes on SP-15
ACE-Mat™

A forklift delivered pallets of ACE-Mat™ panels to the SP-15 test section. Two
workers were required to carry each panel into position, and holes in the overlap and
underlap portions of adjacent panels were aligned for insertion of the aluminum twistlock connectors. The connectors were locked by using a pneumatic air wrench powered
by a generator and an air compressor. The connectors could also be fastened with a Thandle wrench; however, the pneumatic tool was much faster. Sand build-up in the
aluminum connector frequently had to be removed so that the connector could completely
engage the mats. During trafficking, the connectors were checked periodically for
tightness and were adjusted when necessary. After 2,000 truck passes, no mat breakage
had occurred in any of the ACE-Mat™ panels, and rut depths measured only 1.3 in.
Therefore, the system performed adequately to meet evaluation objectives. Rut depths
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are shown in Figure 25, cross-section development is shown in Figure 41, and final
condition is shown in Figure 42.
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ACE-Mat™ Cross-Section Development on SP-15
DuraDeck

The DuraDeck system was delivered to the SP-15 section on pallets by forklift
and carried into position by two workers. Panels were connected to adjacent panels by
inserting an H-shaped connector into receptor holes at the intersection of four mat panel
corners. When installing the connectors, sand tended to prevent connector installation
and caused panel overlap at the intersection. Panels were tapped with a hammer while
holding them above the subgrade to free the connectors and allow assembly. After 2,000
passes were complete, no damage was noted to any of the panels or connectors, and rut
depths had only reached 2.1 in. Therefore, the system performed adequately to meet
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evaluation objectives. Rut depths are shown in Figure 25, cross-section development is
shown in Figure 43, and final condition is shown in Figure 44.

Figure 42

ACE-Mat™ After 2,000 Passes on SP-15
Mobi-Mat®

The Mobi-Mat® system was delivered in relatively compact rolls and was carried
onto the SP-15 test section, aligned along the traffic centerline, and unrolled by two
workers. After the mat was unrolled, stakes were driven through reinforced metal
grommets along the mat edges to hold the system flat on the subgrade and prevent
movement. No damage was noted to the mat system after 500 passes. However, the rut
depth measured 3 in. after 350 passes and increased to 4 in. after 500 passes. Traffic was
concluded since the system failed to meet evaluation objectives. Rut depths are shown in
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Figure 25, cross-section development is shown in Figure 45, and final condition is shown
in Figure 46.
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DuraDeck Cross-Section Development on SP-15
Supa-Trac

Supa-Trac was pre-assembled in large rolls by the manufacturer and delivered to
the SP-15 test section by a forklift and aligned along the center of the traffic lane. The
panels were assembled with continuous longitudinal joints but were changed to a
brickwork assembly pattern in later tests because of recommendations by the researchers.
The system was easily unrolled by three workers but had to be slowed as the end
approached to prevent damage caused by slamming the free end against the subgrade.
After 2,000 passes the only damage noted was three cracked retainer clips. The
damage was considered minor and did not reduce the system’s effectiveness. Rut depths
reached 2 in. after 500 passes as the cells underneath the mat settled into the subgrade
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Figure 44

DuraDeck After 2,000 Passes on SP-15
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Figure 46

Mobi-Mat® After 500 Passes on SP-15

and peaked at 2.8 in. after 2,000 passes. The hollow cells on the bottom of the panels
allow for sand confinement, increasing the subgrade’s bearing capacity. Rut depths are
shown in Figure 25, cross-section development is shown in Figure 47, and final condition
is shown in Figure 48.
MO-Mat
MO-Mat was delivered in one large roll containing 6 individual panels tied
together with ropes. The parent roll was unrolled with the help of a forklift until the first
panel could be untied and removed. Since the panel was a large sheet of fiberglass and
had been stored in a roll since 1968, it maintained its rolled shape. Anchor panels
included with the system were bolted to the four corners of the mat panel to
accommodate stakes required to hold the system flat on the subgrade. The single panel
was positioned on the SP-15 section by a forklift and was unrolled by three workers.
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Supa-Trac Cross-Section Development on SP-15

Figure 48

Supa-Trac After 2,000 Passes on SP-15
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Stakes were driven in the four corners to secure the mat. After 2,000 passes no damage
was noted to the mat system, but rut depths measured 3.8 in. Therefore, the system was
tough enough to resist breaking but was somewhat flexible, allowing rut formation to
increase throughout trafficking. Rut depths are shown in Figure 25, cross-section
development is shown in Figure 49, and final condition is shown in Figure 50.
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SP-15 Earth Pressure Cell Measurements

EPCs were installed underneath eight of the eleven mat systems installed over the
SP-15 test section to monitor pressure distribution provided by the mats. EPCs were not
installed underneath all sections due to project time and budget constraints. Data
collection was activated during the 10 truck passes prior to each data collection interval
as described in Chapter IV. Variability observed in the raw data for a given 10-pass
interval was likely a function of exact wheel location and speed of the test vehicle. Since
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Figure 50

MO-Mat After 2,000 Passes on SP-15

small lateral movements may cause large decreases in pressure readings, the highest three
measurements from each interval were averaged and reported in Figure 51. The columns
show increasing passes from left to right with pass intervals described by the legend.
EPC data collection ended after 1,000 passes for the ROLLAROAD™ and RoverDeck™
systems and after 500 passes for the Mobi-Mat® system.
ML-1 Results
Only the Mobi-Mat® and Supa-Trac mat systems were evaluated over the ML-1
test section. Results from evaluation of a control and both mat systems are reported in
this section. Figure 52 shows the rut depths measured with a straightedge and a ruler in
one wheel path of the test vehicle. Each data point is the average of three readings taken
at quarter points in one wheel path. The ML subgrade did not exhibit the confining
effects of the sand subgrade. Because of the limited bearing capacity of the material,
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Earth Pressure Cell Results for SP-15

failure was a function of densification and shear, or a function of outward movement of
particles away from the applied stress. Densification occurred when voids were
compressed in the material and water was forced from the voids. Shear failure was
observed in the upheaval of material between the two wheel paths. Since the ML-1
subgrade was extremely weak, only a limited amount of data was collected prior to
system failure for both mat systems evaluated.
ML-1 Control
A 100-ft long undisturbed area obtained by straddling the ruts from the mat
evaluations was designated for a control. After only 1 pass, the rut depth on the section
measured 9.5 in. After 4 passes, the rut depth had increased to 15.7 in., and the axle of
the truck began to drag on the subgrade, thus concluding the evaluation. Rut depths are
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shown in Figure 52, cross-sections are shown in Figure 53, and final condition is shown
in Figure 54.
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Control

Mobi-Mat A2X

Average Rut Depths for Mat Systems on the ML-1 Test Section
Supa-Trac

A 60-ft long roll of Supa-Trac matting with continuous longitudinal joints was
installed over the ML-1 test section. After only 1 test vehicle pass, the 20 percent mat
breakage failure criterion was exceeded. The T-shaped connectors tore from the receptor
pieces, leaving small pieces of plastic littered over the surface of the mats. After five
passes, nearly 100% of the connections in the wheel path had failed. Individual panels
cracked in half, and sections were pushed deep into the subgrade after they broke free
from the system. Sections of matting began to overlap causing further deterioration. Rut
depths measured 2.5 in. after 1 pass and increased to 6.0 in. after 5 passes. Rut depths are
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shown in Figure 52, cross-section development is shown in Figure 55, and final condition
is shown in Figure 56.
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ML-1 Control Cross-Section Development
Mobi-Mat®

The Mobi-Mat® system was installed on the ML-1 subgrade by rolling the mat out
and staking the edges with supplied Mobi-Stakes. After 1 test vehicle pass, two
grommets began to tear free from the mat panel because of large deformations in the
wheel path creating high tensile loads. The rut depth reached 7.1 in. after 1 pass. After 5
passes, the mat system began to tear along the center when the test vehicle axle began to
drag on the mat. Five grommets also began to tear free from the mat because of the
extreme rut depths. Rut depths are shown in Figure 52, cross-section development is
shown in Figure 57, and final condition is shown in Figure 58.
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Figure 54

Control After 4 Passes on ML-1
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Supa-Trac Cross-Section Development on ML-1
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Figure 56

Supa-Trac After 5 Passes on ML-1
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Figure 57

Mobi-Mat® A2X Cross-Section Development on ML-1
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Figure 58

Mobi-Mat® After 5 Passes on ML-1

ML-5 Results
Only the Supa-Trac and MO-Mat mat systems were evaluated over the ML-5 test
section. Results from evaluation of a control and the two mat systems are reported in this
section. Figure 59 shows the rut depths measured with a straightedge and a ruler in one
wheel path of the test vehicle. Each data point is the average of three readings taken at
quarter points in one wheel path. As described for the ML-1 test section, the ML-5
subgrade did not exhibit the confining effects of the sand subgrade and failed as a
combination of densification of voids and shear. Densification attributed to the rapid rate
of rut formation and shear failure caused the creation of upheaval between the two wheel
paths. Since the ML-5 subgrade was relatively weak, only a limited amount of data was
collected prior to system failure for both mat systems evaluated.
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ML-5 Control
A 100-ft-long, undisturbed section of the ML-5 test section was prepared for a
control. After 4 passes, the rut depth on the section measured 3.4 in. After 10 passes, the
rut depth had increased to 3.9 in., and traffic was concluded because the 3-in. minimum
rut depth failure had been exceeded. Rut depths are shown in Figure 59, cross-section
development is shown in Figure 60, and final condition is shown in Figure 61.
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Average Rut Depth for Mat Systems on the ML-5 Test Section
Supa-Trac

A 60-ft long roll of Supa-Trac with staggered longitudinal joints (brickwork) was
installed over the ML-5 subgrade. After 10 passes, 8 plastic retainer clips had dislodged
from the mat, and 3 panel connections were broken. After 50 passes, 34 panel
connections failed when T-shaped connectors tore from the receptor pieces leaving small
pieces of plastic littered over the surface of the mat. After 100 passes, nearly 60% of the
mat panels had broken. The connections were unable to withstand the applied stress
when the subgrade rutted from underneath the mat system. The rut depth reached 3 in.
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after 100 passes and 6.5 in. when traffic was concluded after 140 passes. Rut depths are
shown in Figure 59, cross-section development is shown in Figure 62, and final condition
is shown in Figure 63.
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Figure 60

ML-5 Control Cross-Section Development
MO-Mat

A single MO-Mat panel was installed in the ML-5 test section and staked in all
four corners with T-stakes. After 140 vehicle passes, only minor damage occurred to one
end of the mat panel where the test vehicle’s axle impacted the end. The impact occured
at the transition between the Supa-Trac and MO-Mat sections. The large ruts in the
Supa-Trac section lowered the test vehicle’s ground clearance, allowing impact to occur.
The damage consisted of two mat tears approximately 12 in. long and did not cause any
trafficking difficulty. The rut depth, however, had reached 3.0 in. after 140 passes and
traffic was concluded because of rut failure. The flexible fiberglass system was unable to
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Figure 61

ML-5 Control After 10 Passes
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Figure 63

Supa-Trac After 140 Passes on ML-5

distribute the load of the trafficking vehicle over a sufficient area to reduce rutting. The
system was tough enough to resist breaking and offered a good riding surface, even
though the rut depths were significant. Rut depths are shown in Figure 59, cross-section
development shown in Figure 64, and final condition is shown in Figure 65.
Cold-Weather Environment Evaluations
The following sections describe mat system evaluations over the SM-5 and SM80 subgrades in cold-weather environments. Average temperature conditions for these
subgrade types ranged from 15°F to 25°F during trafficking.
SM-5 Results
The SM-5 test section was the first of two evaluations conducted in a coldweather environment at Fort McCoy, Wisconsin. The Supa-Trac and MO-Mat systems
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were installed on the subgrade when temperatures were approximately 45°F, and the
subgrade was allowed to freeze for 36 hours prior to traffic application. When trafficking
began, the ambient temperature was 24°F, with a daily high of 28°F. The first 2 to 3
inches of subgrade was frozen, and the mats were encrusted with ice. Since the objective
of the evaluation was to determine if either the MO-Mat or Supa-Trac system became
more brittle in colder temperatures, no control section was performed. The results from
evaluation of the two mat systems are reported in this thesis.
After the 36-hour period of sub-freezing temperatures, truck trafficking began on
the mat systems. After only a few passes, researchers noted that ruts were forming more
rapidly under the mats than on the unprotected subgrade ends used for approach and
departure. Realizing that the addition of a mat system could not decrease the bearing
capacity of the subgrade, researchers concluded that the mats acted to insulate the
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MO-Mat Cross-Section Development on ML-5
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Figure 65

MO-Mat After 140 Passes on ML-5

subgrade underneath and reduced the depth of frozen subgrade; however, no
instrumentation was installed to monitor temperatures underneath the matting. Since the
bearing capacity of the subgrade remained an effective 5 CBR as shown in Figure 17, a
direct comparison could be made to the ML-5 section in a temperate environment.
Figure 66 shows the rut depths measured with a straightedge and a ruler in one
wheel path of the test vehicle. As in previous sections, each data point represents the
average of three readings taken at quarter points in one wheel path. As described for the
ML-1 and ML-5 test sections, the SM-5 subgrade did not exhibit the confining effects of
the sand subgrade and failed from a combination of densification of voids and shear.
Since the SM-5 subgrade was relatively weak, only a limited amount of data was
collected prior to system failure for both mat systems evaluated.
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Average Rut Depth for Both Systems on the SM-5 Test Section
Supa-Trac

A 60-ft long roll of Supa-Trac with staggered longitudinal joints (brickwork) was
installed over the SM-5 subgrade. As described previously, the mat acted to insulate the
subgrade and prevent freezing of the upper surface; however, a thin sheet of ice covered
the mat when trafficking began. Damage to the Supa-Trac section began after 10 passes
when small plastic clips began to break from the panels. This type of damage was
different from any experienced at tests performed in a temperate environment and was
assumed to be a function of increased brittleness of the system due to cold temperatures.
After 20 passes, 3 black plastic retainer clips used to secure the T-shaped connectors had
cracked but remained in place. After 30 passes, several retainer clips began to crack and
dislodge from the panels. Once the retainer clips were dislodged, individual panel
separation occurred easily under vehicle load. After 50 passes, 28 panels were broken
and no longer reusable. Some of the panels were broken completely in half, and end or
side connectors were broken in others. The T-shaped connectors tore from their receptor
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pieces, making the panels unusable. Damage continued to increase until approximately
40 percent of the mat system was failed after 100 passes. The amount of damage
increased to 60 percent after 120 passes. Panels began to break with each additional pass,
and some were so severely disfigured that they were removed from the section to prevent
tire hazards. Traffic continued until the Supa-Trac section was completely destroyed
after 146 passes. Nearly every connection in the wheel path of the test vehicle was
cracked or broken. The rut depth reached the 3-in.-failure limit after 65 passes and
measured 5.5 in. when traffic was concluded after 146 passes. Rut depths are shown in
Figure 66, cross-section development is shown in Figure 67, and final test section
condition is shown in Figure 68.
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Supa-Trac Cross-Section Development on SM-5
MO-Mat

A 48-ft long roll of MO-Mat was installed over the SM-5 subgrade for evaluation.
As described previously, the mat acted to insulate the subgrade and prevent freezing of
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Figure 68

Supa-Trac After 146 Passes on SM-5

the upper surface; however, a thin sheet of ice covered the mat when trafficking began.
No damage was noted to the MO-Mat system when traffic was concluded after 2,000
passes. However, the average rut depth reached 3.0 in. after 500 passes and increased to
4.0 in. after 1,000 passes. The fiberglass system was unable to distribute the load of the
test vehicle over a sufficient area to reduce rutting, but it was tough enough to resist
breaking and offered a good riding surface, even though the rut depths were significant.
Rut depths are shown in Figure 66 and cross-section development is shown in Figure 69.
SM-80 Results
The SM-80 test section was conducted in a sub-freezing environment at Fort
McCoy, Wisconsin, after conclusion of the SM-5 evaluation. Since the subgrade
underneath the SM-5 section was not frozen prior to trafficking and much colder
temperatures were forecasted at the site, the SM-80 section was prepared to re-evaluate
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Supa-Trac performance. Prior to traffic evaluations, the subgrade was allowed to freeze
for 60 hours. DCP measurements, shown in Figure 18, immediately prior to trafficking
indicated that the subgrade was completely frozen to a depth of 6 to 8 inches and the
effective bearing capacity was a CBR of 80. The temperature at the time of testing was
8°F. Over the course of the entire evaluation, temperatures ranged from -2°F to 22°F.
Only the Supa-Trac mat system was evaluated on SM-80 due to specific project
requirements. The undamaged MO-Mat section from the SM-5 evaluation remained in
place; however, the subgrade underneath was rutted approximately 4-in. deep. Since the
objective of the evaluation was to determine if either system became more brittle in
colder temperatures, the test vehicle traversed the MO-Mat along with the Supa-Trac
system. However, no deformation data was recorded for MO-Mat. Because a 40-ft
section of uncovered subgrade was present between the two systems, rut depths were
recorded as a control; however, a full data set was not recorded. Figure 70 shows the rut
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depths measured with a straightedge and a ruler in one wheel path of the test vehicle for
the Supa-Trac and control sections. Each data point represents the average of three
readings taken at quarter points in one wheel path for Supa-Trac, but the control is based
on single measurements taken at one location. Additional details on Supa-Trac are
provided later in this section.
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Average Rut Depths on the SM-80 Test Section
SM-80 Control

As stated previously, the subgrade for the SM-80 test section was frozen to a
depth of 6-8 in. prior to trafficking with an effective CBR of 80. Snow had fallen on the
area and covered the subgrade. For the first 200 passes, the control section performed
similarly to the Supa-Trac section and only rutted about 0.5 in. After the first 200 passes,
the rate of rut formation on the control section increased rapidly and reached the 3.0-in.
failure limit after approximately 800 passes. Rut depths for the control are shown in
Figure 70, and final condition is shown in Figure 71.
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Figure 71

SM-80 Control After 2,000 Passes
Supa-Trac

A 60-ft long roll of Supa-Trac with staggered longitudinal joints was installed
over the SM-80 subgrade. Since the mat systems prevented freezing of the subgrade
during the SM-5 evaluation, the subgrade was allowed to freeze for 60 hours prior to
installation of the mat system. Immediately prior to trafficking, the mat system was
rolled out over the subgrade, and truck traffic began. Damage to the Supa-Trac section
began after 10 passes when small plastic clips began to break from the panels. As noted
for SM-5, this type of damage was different from any experienced in tests performed in a
temperate environment and was assumed to be a result of increased brittleness of the
system due to cold temperatures. After 50 passes, 10 black plastic retainer clips used to
secure the T-shaped connectors had cracked but remained in place. Snow began to fall
and accumulate on the mat. The snow was shoveled from the mat surface at regular
intervals during trafficking so that the driver could retain visibility of the mat surface.
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The tires melted the snow enough for it to fill the voids between the panels and refreeze
between passes until the mat was completely encased in snow and ice. Once the mat was
frozen and locked in place, no additional damage occurred.
Traffic was concluded after 2,000 passes were complete with no new damage to
the mat system. Even though there was no panel damage, removing the system without
its complete destruction was impossible. The snow and ice was so compact that the mat
had to be freed with a forklift. Upon loosening the system, the mat broke into hundreds
of tiny pieces, indicating that the HDPE material had become very brittle in the cold
temperatures. Rut depths were slow to increase and only reached 1.5 in. after 2,000
passes. Therefore, the system met performance requirements without failure by mat
breakage or excessive rut formation. However, the subgrade was very strong and the
system could not be recovered at the completion of traffic. Rut depths are shown in
Figure 70, cross-section development is shown in Figure 72, and final condition is shown
in Figure 73.
MO-Mat
As described previously, the MO-Mat test section was not officially trafficked
over the SM-80 test section. However, the system remained in place on the SM-5 section
with an existing 4-in. rut. While traffic was ongoing for the Supa-Trac system, the test
vehicle was driven back and forth over the MO-Mat panel in an attempt to see if there
was any change in performance when temperatures were near 0°F. At the conclusion of
trafficking, no damage was noted for the MO-Mat system. The panel was hooked to a
tow strap, pulled off the test section by a forklift, turned over to remove the snow and ice,
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re-rolled by three workers, strapped to a truck, and remained in usable condition. The
final condition of the mat on the SM-80 test section is shown in Figure 74.
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Supa-Trac Cross-Section Development on SM-80
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Supa-Trac After 2,000 Passes on SM-80

Figure 74

MO-Mat After 2,000 Passes on SM-80
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CHAPTER VI
ANALYSIS OF EVALUATION RESULTS
This chapter analyses test results presented in the previous chapters and discusses
methods to predict mat behavior as well as recommended applications for use of roadway
matting system types. The analysis includes the data from the SP-15, ML-1, ML-5, SM-5,
and SM-80 test sections. The tools presented in the analysis will allow users to make
informed decisions for choosing a roadway matting system to meet their needs.
Performance Prediction
Full-scale performance test results from the evaluation of eleven roadway matting
systems and their corresponding control sections are summarized in Table 3. Regression
data presented in the table were determined from plots of rut depth versus passes for each
test section as shown in Figures 25, 52, 59, 66, and 70. For example, a linear regression
was performed on the Supa-Trac, MO-Mat, and control rut development curves for the
ML-5 subgrade as shown in Figure 75. The regression equations represent trend lines
associated with the data gathered during trafficking and can be used as a tool to predict
rut formation for similar subgrade strengths and applied loads. Because rut formation
under mat systems on the SP-15, SM-5, and SM-80 subgrades were largely exponential, a
logarithmic regression better fit the evaluation data, thus giving a better prediction of rut
development. The regression coefficients presented in Table 3 can be used in their
respective equations, Eq. 1 or Eq. 2, for rut prediction.
DR−S = C1 [ln(P)] + C 2

(1)
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DR−M =C1 [P ] + C 2

(2)

Where,
DR-S = depth of rut on sand (SP-15) and silty sand (SM-5 and SM-80) (in.)
DR-M = depth of rut on silty clay (ML-1 or ML-5) (in.)
P = number of passes
C1, C2 = regression constants
Table 3

Mat

Summary of Evaluation Results and Regression Coefficients

ROLLAROAD™
RoverDeck™
FCR
Plastic Hexagonal
Aluminum Hexagonal
BRAVO® Mat
ACE-Mat™
DuraDeck
Mobi-Mat®
Mobi-Mat®
Supa-Trac
Supa-Trac
Supa-Trac
Supa-Trac
Supa-Trac
MO-Mat
MO-Mat
MO-Mat
Control
Control
Control
Control

Subgrade

SP-15
SP-15
SP-15
SP-15
SP-15
SP-15
SP-15
SP-15
SP-15
ML-1
SP-15
ML-1
ML-5
SM-5
SM-80
SP-15
ML-5
SM-5
SP-15
ML-1
ML-5
SM-80

Passes at Failure
20%
3 in.
Breakage
Rut
1,139
1,050
2,000+
2,000+
2,000+
2,000+
2,000+
2,000+
2,000+
5+
2,000+
1
100
100
2,000+
2,000+
140+
2,000+
NA
NA
NA
NA

1,139+
1,050+
2,000+
400
2,000+
2,000+
2,000+
2,000+
350
1
2,000+
1
100
70
2,000+
2,000+
140
500
10
1
4
800

Regression Equation
Values
Eq.

1
1
1
1
1
1
1
1
1
2
1
2
2
1
1
1
2
1
1
2
2
1

C1

0.22
0.35
0.11
0.51
0.16
0.07
0.18
0.31
0.54
1.71
0.27
1.10
0.04
1.01
0.14
0.39
0.02
0.44
1.33
3.63
0.38
0.53

C2

-0.19
-0.26
-0.08
0.05
0.28
0.01
0.01
-0.38
-0.40
2.40
0.22
0.66
0.24
-0.53
-0.12
-0.17
0.53
0.36
0.28
3.12
0.87
-1.01

R2

0.81
0.94
0.80
0.94
0.88
0.92
0.74
0.93
0.80
0.73
0.92
0.94
0.92
0.86
0.94
0.88
0.89
0.91
0.98
0.84
0.72
0.76

The regression predictions are intended to provide potential users of specific
matting systems a method to estimate rut development. For matting systems where
multiple CBR support conditions were incorporated, a suite of curves could be developed
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Figure 75

Example of Linear Regressions used for Performance Prediction

to estimate performance at CBR values within the range tested with reasonable accuracy.
All regression equations in this thesis were developed using a single vehicle type which
should be considered when using these equations. Rut depth predictions using Eq. 1 and
2 for vehicles with reduced weights and lower tire pressures will largely be conservative;
however, vehicles with weights and/or tire pressures in excess of the test vehicle
described in this thesis should be used with caution.
Earth Pressure Measurements
The results of EPC measurements under the nine mat systems over the SP-15
subgrade are summarized and presented in Figure 51. Stiffer mat systems distribute
applied vehicle loads over a large area of subgrade and therefore reduce the amount of
stress that is measured 12 in. underneath the surface. Because more flexible systems are
not capable of distributing the load as well, they rut faster; therefore, pressures 12 in.
under the surface are higher. Figure 76 shows a plot of measured pressure versus rut
depth at the time the test was concluded. For the ROLLAROAD™ and RoverDeck™
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systems, the test was ended after 1,139 passes; the Mobi-Mat® system was finished after
500 passes. The remaining 6 systems were analyzed for 2,000 passes. A few exceptions
are noted in Figure 76. The data point located the greatest distance above the trend line
occurred for the RoverDeck™ system where the rut depth reached 2.25 in., and the
pressure measured higher than expected. The discrepancy could not be easily explained.
Similarly, the data point located the greatest distance below the trend line that occurred
for the Aluminum Hexagonal Mat system where the pressure measured less than
expected after 1.5 in. of rutting. The remaining data points follow the trend line closely
and appear to show that stiffer systems reduce the amount of stress in the subgrade and,
therefore, reduce the rate of rut formation.
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Correlation of Rut Depth and Pressure Measurements for SP-15

Further analysis was performed in an attempt to correlate mat damage with
increasing pressure. After analyzing the data for performance predictors, no compelling
evidence was found in Figure 51. The lack of correlation does not dismiss the idea that
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mat damage results in increased pressure measurements; however, earth pressures
measured 12 in. below the surface did not provide clear trends. For example, the pressure
measured under the ROLLAROAD™, ACE-Mat™, and DuraDeck systems decreased as
the number of passes and damage increased while Mobi-Mat® pressures clearly
increased. Team members plotted mean pressure data from Figure 51 in conjunction with
regression coefficients in Table 3 and Eq. 1 and 2 as shown in Figure 77. From analyzing
Figure 77, no evidence was found that the measured earth pressures could predict the
permanent deformations of the subgrade under the various matting systems.
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Predicted Rut Depth and Pressure Cell Correlation

Each of the roadway matting systems evaluated in the studies described in this
thesis have unique material properties and geometric designs. Composite modulus of
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elasticity values vary greatly and have a noticeable effect on system performance.
Systems with higher global stiffness, such as BRAVO® Mat or FCR, are better at
distributing loads across larger areas with reduced applied stresses, or pressures, and rates
of rut formation. However; panel systems with high local stiffness, such as the Plastic
Hexagonal mat system, may have low global system stiffness resulting in increased
applied stresses and higher rates of rut formation. In addition to global and local stiffness
variations, the ability of individual systems to confine the supporting subgrade can also
affect performance. For granular materials such as sand, a stress-hardening behavior
occurs that increases the bearing capacity with additional overburden stress and material
confinement. This behavior can be seen graphically in the DCP plot in Figure 12. On the
sand surface, the material is loose and has a very low bearing capacity. As overburden
stress is increased with depth, the measured bearing capacity of the sand also increases.
When a matting system is placed on the surface, the material is no longer in a loose state,
and applied stresses are hypothesized to have a similar effect as the overburden stress at
some depth in an uncovered section. For the SP-15 section shown in Figure 12, the
effective CBR value under the matting systems was not based on the first 8-10 in. of
loose material, but was analyzed at depths from 10-36 in. for what are believed at present
to be more accurate results. Variation in the ability of systems to confine the material are
believed to greatly impact performance; however, confining ability is difficult to
determine without the help of three dimensional modeling coupled with full-scale testing.
Another example of the variation in applied stress versus measured pressure
response is shown when comparing the FCR and Aluminum Hexagonal mats. Both
systems were installed over identical subgrades and trafficked with the same vehicle.
After 2,000 passes, the FCR system rutted 0.7 in. with only minor damage; and the
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Aluminum Hexagonal system rutted twice as much, 1.5 in., with no damage. The
pressures shown in Figure 51 are very similar. The Aluminum Hexagonal mat system is
made of small individual interlocking panels, while the FCR is a continuous system of
extruded aluminum bars connected with a flexible composite material. All other
parameters being equal, interlocking panels would provide more jointing confinement
than flexible material, which, for a stress hardening material, would increase the modulus
and allow for similar stress at less deformation. Less deformation per pass would likely
result in less total permanent deformation. However, the reduced global stiffness of the
Aluminum Hexagonal system caused by small panel sizes allowed for increased
deformation. No definitive difference was noted in the pressure measurements, however,
because the difference in measured deformation was less than on inch and was withing
the margin of error of the experiment.
The complexity of modern matting systems and inability to accurately predict
performance gives value to full-scale evaluation under controlled conditions. The more
system types that can be evaluated, the better prediction tools can be developed by
coupling numerical modeling with instrumentation and empirical performance data
gather under full-scale test sections. Three-dimensional modeling of modern matting
systems could further enhance the ability to predict performance for these systems.
Modeling efforts could maximize the use of instrumented data from full-scale testing to
obtain a better understanding of mat behavior.
Cold-Weather Evaluation Analysis
The objective of the cold-weather evaluation of Supa-Trac, an HDPE mat system,
and MO-Mat, a fiberglass system, was to determine if either system became brittle when
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trafficked in sub-freezing temperatures. Since only two mat systems were evaluated, a
limited amount of data was available for analysis. Based on the results of the two coldweather test subgrade conditions, SM-5 and SM-80, the following two questions were
addressed: (1) Did either the Supa-Trac or MO-Mat system become brittle during the
cold-weather evaluations and (2) Were the results of the cold-weather SM-5 evaluation
comparable to the ML-5 evaluation in a temperate environment?
During the SM-5 evaluation, the average ambient temperature was approximately
25°F and the effective subgrade strength was a CBR of 5. After only a few passes, pieces
of plastic were broken from the Supa-Trac mat panels and were found on the mat surface
although no real damage was noticeable. This type of behavior was not seen during any
of the previous evaluations of Supa-Trac in temperate environments and was assumed to
be a result of increased brittleness; however, this could not be verified based on test
conditions. The Supa-Trac panels continued to break under the applied traffic until the
mat was destroyed after 146 passes. The damage was similar to results from the
temperate evaluations, so no conclusion could be drawn regarding changes in material
properties. The MO-Mat system showed no signs of increased brittleness, and no
damage had occurred to the panel after 2,000 passes. Therefore, the MO-mat fiberglass
system did not become more brittle when temperatures were approximately 25°F.
During the SM-80 evaluation, the average ambient temperature was
approximately 15°F and the effective subgrade strength was a CBR of 80. Early in the
trafficking phase of the Supa-Trac system, pieces of the mat, similar to those in the SM-5
section, broke and were found on the mat surface. As stated above, this behavior was not
noticed for the temperate environment evaluations and was thought to be a result of
increased brittleness; however, this could not be verified based on the testing conditions.
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Additional evaluation is needed prior to making more substantial conclusions. No
damage was noted for the Supa-Trac system throughout the remainder of the SM-80
evaluation. When the system was removed from the ice by force with a forklift, the mat
broke in to hundreds of tiny pieces. This behavior proved that the mat was brittle, but the
extent in the change in material properties could not be determined. Traffic applied to the
MO-Mat under the SM-80 conditions did not affect the system; therefore, it was
concluded that no noticeable change in material properties occurred in the cold-weather
environment for the MO-Mat system.
Since the ML-5 and SM-5 test sections had the same effective bearing capacities
and were located in different temperature environments, a direct comparison could be
made based on test results. Rates of rut formation shown in Figures 59 and 66 were
compared to see if colder temperatures impacted performance of the Supa-Trac or MOMat systems. For the Supa-Trac system, 2.5 in. of rutting was measured after 50 passes
for both sections. After 100 passes, the values had increased to 3 in. for the warmweather test and 4.5 in. for the cold-weather test. Matting systems were destroyed, and
tests were concluded after 140 and 146 passes when rut depths measured 6.5 and 5.5 in.,
respectively, for the warm- and cold-weather evaluations. The similarity in the results of
the evaluations in the two climates implies that the sub-freezing temperature had little
effect on system performance. Much colder temperatures are most likely required to
cause a significant reduction in effectiveness for HDPE systems. For the MO-Mat
system, 2 in. of rutting was measured after 50 passes for both the ML-5 and SM-5
sections. After 140 passes, values had increased to 3 in. for the temperate environment
and 2.5 in. for the cold-weather test. Testing was concluded for the ML-5 section after
140 passes, so no additional comparisons could be made. The results of the ML-5 and
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SM-5 evaluations were similar, indicating the environmental conditions had little impact
on system performance.
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CHAPTER VII
CONCLUSIONS AND RECOMMENDATIONS
The evaluations presented in this thesis compiled data from two full-scale
evaluations of modern roadway matting systems and included eleven unique systems.
Although many other systems are available commercially, the mats presented are
representative of many products marketed in the U.S. Commercially available products
offer solutions to a variety of needs including
1. construction of temporary roads,
2. building working platforms for construction,
3. vehicle access across beaches,
4. vehicle crossing of swamps and marshlands,
5. protecting environmentally sensitive areas,
6. allowing vehicle access across outdoor arenas for events.
With so many unique mats available, choosing the right system or system type for a
specific application can be challenging. Characteristics such as transportability,
installation rate, rut resistance, panel damage, reusability, and cost must all be considered
and can vary widely among available products. The author of this thesis intended to
present readers enough information from recent full-scale evaluations of eleven unique
roadway matting systems to make informed decisions based on product properties and
performance under vehicle loadings. Properties listed in this thesis that should be used
for consideration include size, weight, volume, cost, staking requirements, rate of rut
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formation, mat breakage, and observations under heavy vehicle traffic over sand and
weak fine-grained subgrades. Regression equations were included to allow users to
quickly estimate rut depth formation as a function of required numbers of vehicle passes.
Finally, a decision matrix was developed to further assist users to narrow choices when
choosing the correct matting system type(s) for specific uses.
Based on the evaluation of eleven roadway matting systems, the following
generalized conclusions were determined:
a) Nearly all matting systems evaluated were capable of carrying truck traffic
over loose sand (SP-15) subgrades due to the confining effect and increased
effective bearing capacity, even though some systems resist more rutting than
others. The rut resistance was generally a result of the stiffness of the mat
system (i.e. stiffer systems rutted less).
b) ROLLAROAD™, RoverDeck™, Plastic Hexagonal Mat, and Mobi-Mat®
were only able to withstand a limited number of heavy truck traffic passes
over the sand (SP-15) subgrade prior to failure by breakage or excessive
rutting. Therefore, these system types are only recommended when fewer
than 500 truck passes are required or lighter weight vehicles are required.
c) Heavy aluminum matting systems, such as FCR, are predicted to perform
well over almost any type of weak subgrade; however, their initial cost and
required equipment for placement may negate their use in some situations.
Additional evaluation over weak fine-grained subgrades is necessary to
determine their limitations.
d) Segmented HDPE systems are the most cost effective, such as Plastic
Hexagonal Mat and Supa-Trac, but are not recommended for very weak
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muddy subgrades (based on the performance of Supa-Trac over ML-1, ML-5,
and SM-5 subgrades); however, they may be suitable for areas with
reasonably strong subgrades, especially where turf protection is desired.
e) Robust and stiff HDPE panel systems, such as BRAVO® Mat, should perform
well over almost any type of weak subgrade; however, further evaluations
over fine-grained subgrades are required to determine their limitations.
f) Rolled fiberglass systems, such as MO-Mat, are very tough and difficult to
break. However, the more flexible the system, the less likely it is to perform
satisfactorily in very weak or muddy conditions. If only passenger vehicle
traffic is expected, these systems may offer a potential solution.
g) Stiff panel systems such as ACE-Mat™ and DuraDeck require relatively little
transport volume, but are recommended for areas that can be semi-prepared
or smoothed prior to placement. These systems are designed to prevent
rutting by distributing vehicle loads over a much larger area, but existing ruts
or voids can cause additional joint stress and failure.
h) Woven fabric systems, such as Mobi-Mat®, increase the traction and slip
resistance of vehicles in muddy subgrades, but offer little resistance to rutting.
In sand subgrades, they perform moderately well since the sand is somewhat
confined under the mat, and shear is limited.
i) HDPE systems such as Supa-Trac may become brittle in cold-weather
environments; however, additional testing is needed to determine temperature
limits and more quantifiable information for individual systems.
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j) The MO-Mat fiberglass system was unaffected by the cold-weather
environment. Based on this result, other fiberglass systems would be
expected to perform satisfactorily during temperatures from 0°F to 25°F.
Recommendations
Performance data for all roadway matting systems were analyzed to determine
their suitability for temporary road applications when sandy or weak fine-grained soils
are encountered. Although only limited data were collected for soft soil conditions,
intuitive predictions based on behaviors observed from the SP-15 test section are
possible. Results comparing rates of rut formation from control sections, as shown in
Figures 25, 52, 59, and 71, strongly indicate that roadway matting systems offer great
advantages over an unprotected subgrade; however, some systems provide greater
benefits than others under specific conditions. Matching physical mat system properties
with suitable applications was possible due to the large amount of data available from
full-scale testing.
The results from the full-scale traffic evaluations presented in this thesis and the
research teams’ experience with matting systems provided enough information to develop
a decision matrix, shown in Table 4, with recommended uses for each mat system.
Recommendations without supporting evidence from data presented in this thesis can be
attributed to previous experience by the research team which was often based on previous
testing and/or numerical analysis. Table 4 describes the author’s recommendations for
subgrade type over which specific mat systems should perform adequately. In context of
Table 4, smooth is defined as a relatively flat surface with no voids under the mat system
deeper than 1 in. or greater than 6 in. radially (e.g., not previously rutted). Rough is
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defined as any condition that cannot be defined as smooth. Generalized properties (e.g.,
trucks) should be considered in the context of the experiments discussed herein.
Table 4

Recommendations for Matting System Use

Mat
ROLLAROAD™
RoverDeck™
FCR
Plastic Hexagonal
Aluminum Hexagonal
BRAVO® Mat
ACE-Mat™
DuraDeck
Mobi-Mat®
Supa-Trac
MO-Mat

Vehicle
Type
T
T
T
T
T
T
T
T
T
T
T

Subgrade Conditions Recommended for Use
Sand
Xa
Xa
X
Xa
X
X
X
X
Xa
X
X

Fine-grained

Xb
Xb
Xb
Xb
Xb

Smooth
X
X
X
X
X
X
X
X
X
X
X

Rough

Xb

Xb

T=Trucks or other heavy vehicles (passenger vehicles also allowed)
a
Recommended for ≤500 passes
b
Recommendations based on authors’ experience (condition not evaluated in this paper)

As shown in Table 4, all eleven roadway mat systems are recommended for use
over loose sand subgrades; however, ROLLAROAD™, RoverDeck™, Plastic
Hexagonal, and Mobi-Mat should be limited to 500 passes due to mat breakage and
excessive rut formation observed during full-scale evaluations. Stiffer mat systems such
as FCR, Aluminum Hexagonal, BRAVO® Mat, ACE-Mat™, and DuraDeck are
recommended for use over weak fine-grained subgrades such as ML-5 or SM-5; however,
each system will have specific subgrade strength requirements that must be determined
from additional full-scale testing. All other systems may be installed over fine-grained
subgrades as long as the bearing capacity is in excess of 6 CBR. Performance may vary
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over a 6 CBR section, but vehicle immobilization should not occur within a reasonable
number of passes. Based on performance during the evaluation, system stiffness, joint
strength, and authors’ experience, the FCR and BRAVO® Mat systems are recommended
for all conditions as tested in this evaluation. These two systems have seemingly high
composite modulus values and are strong enough to resist vehicle rutting and bridge
across voids in the supporting material (at least to some extent).
Research Recommendations
1.

The evaluations presented herein represent only a partial experimental study
of the eleven roadway matting systems. Additional full-scale testing to
include each of the eleven systems over 1 and 5 CBR subgrades would greatly
improve the ability to predict mat behavior and make recommendations for
use over soft, muddy soils.

2. Because of the expense and difficulty of conducting full-scale tests over weak
subgrades in cold-weather environments, lab evaluations using a temperature
chamber and 3-point bending tests may characterize acceptable temperature
ranges for unique mat system types. The data gathered from these tests may
be used to reduce the number of material types when considering mats for use
in sub-freezing environments.
3. In-air bending tests should be conducted to determine the composite modulus
of elasticity of each matting system to better predict behavior and assist with
numerical modeling efforts. Known composite section modulus values could
be used with numerical techniques to predict stresses applied to the subgrade
and correlate rut development and pressure measurements.
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4. Future full-scale tests should consider evaluations with typical passenger
vehicle loads to determine a range of performance based on a range of applied
loads.
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